Influx and efflux of water and urea and electrolyte leakage are less for sunflower (Helianthus annuus) hypocotyl sections above lesions caused by Sclerotinia sclerotiorum than for those from healthy plants. Urea uptake by sections above lesions is reduced (celery, squash, and tomato) or unchanged (bean) in other hosts after Sclerotinia infection. Efflux of urea from sunflower hypocotyls is biphasic, suggesting diffusion in series from two cellular compartments (cytoplasm and vacuole). Efflux during the fast phase was 7 to 20 times greater than that during the slow phase. No difference was noted in urea efflux from healthy and diseased tissues during the slow phase. However, efflux during the fast phase from diseased tissues was slower than from healthy tissues, suggesting that the increased resistance to diffusion of urea in host cells above lesions resides in the plasmalemma. Water movement across cell membranes of healthy and diseased sunflower hypocotyls was reduced when tissues were treated with p-hydroxymercuriben. Increases in host cell permeability often occur at sites of infection by facultative parasites (11, 14, 31) . Increases in permeability may be caused by pathogen elaborated products or host cell responses to infection. When membrane permeability is drastically altered, cell death follows shortly.
Increases in host cell permeability often occur at sites of infection by facultative parasites (11, 14, 31) . Increases in permeability may be caused by pathogen elaborated products or host cell responses to infection. When membrane permeability is drastically altered, cell death follows shortly.
The effects of disease on cell permeability in tissues further removed from lesions is still poorly documented. Some workers have reported increases in cell permeability large distances from lesions (14, 27) , while others report no differences in permeability between host cells bordering lesions and those in healthy plants (7, 11) . In one disease, decreases in the permeability of host cells bordering lesions were observed (28) . Thatcher's (27) studies on permeability changes in diseases caused by Sclerotinia sclerotiorum and Botrytis cinerea have emphasized increases in host cell permeability some distance from sites of pathogen activity. He reported that permeability was greatly increased in celery petiole cells "inches away from any sign of necrosis" in soft rots caused by these fungi. The "action in advance" phenomenon observed in these diseases has been the subject of much attention since it could relate to processes unique to pathogenesis and account for certain ' The author is indebted to Professor R. K. S. Wood and the De- partment of Botany, Imperial College, London, for providing facilities for part of this investigation. This work was supported partially by funds received from Hatch Project No. 2376. changes in host physiology. The action of host specific toxins (21, 31) and extracellular enzymes (9, 14, 17, 24) on plant cells lends credibility to the notion that permeability increases well in advance of infection sites.
More studies on cell permeability in infected plants are needed to clarify the nature and significance of permeability changes in host cells. Because S. sclerotiorum is reported to induce drastic permeability increases well in advance of lesions, this system was chosen for further study (27, 28) . As my results show, original interpretations (27, 28) of the nature of permeability changes in Sclerotinia-infected plants need revision.
MATERIALS AND METHODS
The isolates of S. scierotiorum used in this work were supplied by R. Raabe, Department (14) .
After measurements, the beakers and contents were stored at -20 C overnight. This treatment destroyed the differential permeability of plasma membranes. After thawing, the contents were shaken for 1 Uptake of 3-0-Methylglucose. Procedures for measuring uptake of MeG2 were described previously (12) .
RESULTS
Cytological Effects of Infection. Host cells directly above the upper margin of young (12-hr-old) lesions, within 5 cell lengths of hyphae, were usually dead. However, host cells within 2 cell lengths from hyphae in the transverse direction were normally cyclosing. When lesions were mature (48 hr), cells within 10 to 15 cell lengths of hyphae in any direction were usually dead.
The osmotic pressures of hypocotyl epidermal cells 1 to 5 mm above lesions and of comparable tissues from healthy plants were indistinguishable and ranged from 6.7 to 7.3 atm.
Effect of Disease on Water and Solute Permeability of Sunflower. Water permeabiltiy of cells in hypocotyl tissues above lesions was less than that in comparable tissues from healthy plants. Though both water influx and effiux were less in diseased tissues, the difference was most apparent during influx. There was an initial gain of weight (water uptake) followed by a loss in diseased tissues; the rapid gain in weight during influx in healthy tissues resulted in a stable equilibrium (Fig. 1 ). When lesions were mature, the subsequent loss of weight during influx (after an initial gain) was more pronounced, often proceeding to slightly below the original starting weight (Fig.  1 , insert).
The inclusion of cysteine'HCl (10 mm, pH 6.5) in osmotic solutions prevented the development of a brown pigment in excised diseased hypocotyl tissues. Cysteine treatment had no effect on the water permeability of tissues from healthy hypocotyls nor initial flow rates of water in infected tissues prior to pigment development.
Though rates of leakage of electrolytes differed during dehydration and rehydration, patterns of leakage were identical for the tissues from healthy and diseased plants. Apparently, solute loss does not account for the subsequent loss of weight during influx in diseased tissues or the failure of diseased tissues to regain weight during recovery after efflux measurements.
Celery petioles purchased from a local market were inoculated with S. sclerotiorum and, along with noninoculated petioles, stored in a moist chamber. Rates of leakage of electrolytes from cross sections of petioles above lesions and from noninoculated petiole sections were compared. Leakage was greater from diseased petioles than from healthy petioles (Fig.  2) .
Leakage of electrolytes was less from diseased than healthy sunflower tissues when intact plants were studied (Fig. 3) . When sunflower shoots were severed at soil level prior to inoculation and the inoculated and noninoculated excised shoots maintained in moist chambers, leakage was greater from tissues above lesions than from tissues of noninoculated shoots (Fig. 3) .
When sections (1 mm thick) from either healthy or diseased plants were preincubated in urea (50 mM) for short periods (20 min), blotted briefly on moistened filter paper. and incubated in water, initial net outward diffusion (0-10 min) was rapid and described by a single exponential function. Similar results were observed with sucrose diffusion. Rates of diffusion of urea and sucrose from sections of healthy and dis- eased plants were similar, with half-times (t,/2) for diffusion for both solutes between 1.3 and 1.5 min. In these experiments diffusion was considered to be from the apparent free space.
Sections preincubated in urea for longer periods (4-6 hr) were washed for 30 min to remove urea from the AFS. In these experiments graphical analyses of efflux patterns indicated the presence of two functions with first order rates of exchange (Fig. 4) . Graphical analyses were made using the "peeling off" procedure described by Perl (18) . As shown in Figure 4 by plotting the difference values, rate constants (k) and halftimes (t/,,2) for urea diffusion were calculated for exponential terms (Table I) . The two exponential terms identified graphically apparently represent diffusion in series from two different cellular compartments. The "fast" compartment (20-30% of urea), from which urea diffused most rapidly, is believed to be the cytoplasm, while the "slow" compartment (70-80% of urea), from which diffusion is slower, are the vacuoles. Hence, kinetic characteristics of efflux would depend on permeability properties of the limiting membranes surrounding cytoplasm and vacuoles, the plasmalemma and tonoplast, respectively. Dainty and Ginzburg (4) reached similar conclusions in their studies on urea efflux from individual Nitella translucens cells.
Urea efflux from cytoplasm is 25 to 35 times slower than efflux from AFS, but 7 to 20 times faster than efflux from vacuoles. Efflux from cytoplasm was consistently slower from cells in diseased hypocotyls than from cells in healthy ones, while differences in efflux from vacuoles were not as large or consistent (Table I, Fig. 4) .
Comparisons of urea permeability of sunflower hypocotyl sections with that of N. translucens (4) indicate that the permeabilities (t,12) of the tonoplasts of these plants are nearly identical. The permeability of the plasmalemma of N. translicens to urea is much greater than the plasmalemma permeability of sunflower hypocotyl cells. However, because of greater diffusion restrictions in tissues, comparisons of permeability data with those from a single-celled, giant alga may not be appropriate.
Net outward urea movement from healthy sections was not affected by the nature of the bathing solution, whereas the rate of urea movement from diseased sections was slightly greater into urea-containing solutions than into water. However, rates of diffusion of urea from diseased tissues into equimolar urea solutions still were less than those from healthy tissues.
Compared with healthy controls, urea uptake is 25 to 45% less by sunflower hypocotyl sections above (or below) S. .sclerotiorum lesions. Permeability reduction was apparent in 20 to 25 experiments performed over the course of these studies. Rates of urea movement into sunflower hypocotyl cells were approximately proportional to the initial concentration of urea in the bathing solution, and differences in influx between healthy and diseased tissues were apparent over a wide range of urea concentrations (Fig. 5) .
Duration of incubation of healthy and diseased tissues in urea solutions had no effect on the differences in uptake meas- The rate constants k1 and k2 describe urea efflux from the two compartments. (Table II) . Also, reduced permeability to urea resulted from infection by either S. sclerotiorum isolate. In infected tissues, uptake was reduced in hypocotyl tissues some distance from lesions. Permeability properties appeared to be affected at least 4 cm above lesions.
Chromatography of ethanol extracts of sunflower hypocotyl sections incubated in "C-urea for 1 hr revealed that radioactivity still resided in urea. A single radioactive zone was detected when paper chromatograms were developed with two different solvent systems. The RF values were identical to those of urea standards.
After normal extraction procedures, tissue sections washed exhaustively with 95% ethanol were examined for radioactivity. Radioactivity was low, with only 0.2 to 0.3% of the radioactivity originally in sections bound in ethanol-insoluble tissue residue. No differences were observed between amounts of radioactivity in residues of sections from healthy and diseased tissues.
Radioactive CO2 was released when tissues were incubated in "C-urea. There 49, 1972 released by healthy and diseased tissues; about 2 to 4% of radioactivity taken up by sections was released as '4CO2.
No differences were observed in ethanol uptake (4-6 min)
by healthy and diseased sunflower tissues. Ethanol diffusion into cells was very rapid; equilibrium with bathing solutions was achieved within 5 to 10 min. When healthy and diseased tissues were washed in water for 10 min, the amount of ethanol remaining in protoplasts was identical. Direct comparisons were made of the ability of healthy and diseased tissues to take up urea and methylurea. In three different experiments, there was less of a reduction in the permeability (mean + SD) of diseased tissues to methylurea (23.0 + 1.9%) than to urea (42.4 + 8.8%).
Uptake of MeG by healthy and diseased tissues exhibited saturation kinetics (Fig. 6) . However, when data from either source were plotted by the Woolf-Hofstee procedure (12) uptake are found in diseased (but not healthy) squash hypocotyls. In diseased squash hypocotyl sections it appeared that the presence of both low and high affinity MeG carrier systems accounted for the deviation from linearity. Thus, it appears that dual carrier systems are present in both healthy and diseased sunflower hypocotyl tissues, with apparent Km of about 0.5 and 30 mM.
At high external solute concentrations (80 and 100 mM), rates of MeG uptake are similar in healthy and diseased tissues, while in lower concentration ranges (1 to 60 mM), the rate of MeG uptake was greater in diseased tissues than in healthy ones (Fig. 6) . Although the MeG-carrier systems are qualitatively similar, the high affinity system is more active in diseased tissues than in healthy controls.
Organic mercurial compounds are reported to reduce solute and water permeability in both animal and plant cells (1, 13, 15, 30) . When sunflower hypocotyl tissues were treated with 1 mM p-hydroxymercuribenzoate in 20 mm phosphate buffer, pH 7.6, for 30 min, water efflux was slightly inhibited while influx was greatly reduced (Table III) . During influx, there was an initial gain in weight followed by a loss. At the highest concentration of PHMB (1 mM) tested, the subsequent weight loss was the greatest (Fig. 7) .
A comparison of the relative effects of PHMB on water movement in healthy and diseased materials showed that water movement in diseased tissues is not as greatly inhibited by treatment as in healthy tissues (Table III) . Efflux, in fact, appeared to be slightly higher after diseased tissues were treated with PHMB.
Effect of Disease on Urea Permeability of Other Hosts. In apparent conflict with the major finding of this study, Thatcher (27) reported that cells adjacent to Sclerotinia lesions in excised celery petioles exhibited increases in permeability. However, Thatcher's results were confirmed using similar experimental conditions. Apparently the types of permeability changes in response to infection are a function of host disposition. For example, permeability decreased in host cells adjacent to lesions in intact celery or sunflower plants, while cell permeability increased in tissues above Sclerotinia lesions when excised tissues were used. Thus, differences in host condition at the time of inoculation apparently account for differences in the results reported by Thatcher and those in this investigation. Excision has profound effects on the physiology of excised organs, resulting in
